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Abstract 
In this paper, we propose an electrospraying microfluidic chip which utilizes the microfluidic cross-junction and 
strong electric field to generate uniform emulsions and fiber. Our strategy was based on flow-focusing for the 
formation of a series emulsions by changing concentration of span 80 and applying the electric field to control the 
size of emulsion. In the results, as the electric filed increased, the size of the emulsion decreased. In additional, the 
fiber is generated at high voltage of 5000 V. When applying the electric field, the Taylor cone is form and generates 
the smaller emulsions and fibers, the minimum PLGA emulsion size is about 4 m and fiber is about 7 m width. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
The flow focusing geometry [1, 2] is commonly used to generate droplets whose size is easily 
controlled by the flow rates. Lin and Lee used an air control system and create a moving-wall structures to 
generate tiny droplets which about 20 micrometers in diameter [3]. However, there are limits to the 
smallest droplet size that can be achieved by changing the geometry, the size of the channels, and the 
properties of the fluids. One potential means of overcoming these limitations is the use of electrospray, 
Electrospraying is caused by an electric force applied to a liquid surface, and many experiments have been 
carried out to make smaller droplets using it. Bose reported electrohydrodynamic spraying from an 
electrified capillary [4]. Hisamoto et al. used an immiscible system to develop a new method of 
performing multi-ion sensing [5]. Song et al. presented a microfluidic system that forms aqueous droplets 
in a continuous flow of a water-immiscible fluid [6]. In our research, we would utilize the proposed 
immiscible system to control and produce the emulsion and fiber inside the microchannel. 
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2. Material and method 
In the materials, commercial sample of high viscosity PLGA (ALDRICH) dissolves in the DMSO 
(SIGMA) which was used as the dispersed phase (viscosity 35.3 cP and conductivity 3.4 S/cm in 1 % 
solution at 25°C). We were used the span 80/mineral oil (SIMAKYU’S PURE CHEMICALS) as the 
continuous phase (viscosity 45 cp). The parallel electrode fabricated on indium tin oxide (ITO) by the 
MEMS technology. It is used to generate the electric field in the intersection area of continuous and 
disperse phase. In this research, the sheath flow effect generated emulsions and fiber as shown in Fig. 1. 
The proposed electrospraying microfluidic chip consists of two components: the PDMS channel and 
parallel electrodes, as shown in Fig. 2. the width of the cross-junction microchannel is 100 m, and the 
gap of electrode is 4 mm. 
                                             (a)                                                                           (b) 
Fig. 1. Schematic drawings of emulsion and fiber generation system. 
Fig. 2. Schematic drawings of microfluidic chip. (a) This chip consists of glass substrate, ITO electrode and PDMS, and (b) the
fabrication of this chip by the MEMS technology. 
3. Results and discussions 
In the results, DI water was used as the dispersed phase and a fixed flow rate is 6 L/min. When span 
80 added in the mineral oil as the continuous phase and a fixed flow rate is 0.15 L/min, the emulsion 
size could decrease by increasing the span 80 concentration and applying electric field. In addition, the 
span 80 concentration is 3%, the fiber is generated between 4000 V and 5000 V as shown in Fig.3. The 
relationship between droplet size and voltage is analyzed as shown in Fig. 4. Fig.5 shows that the 
PLGA/DMSO was used as the dispersed phase and the flow rate is 0.15 L/min, also the emulsion size 
decrease by increasing the span 80 concentration and electric field and the fiber is generated in span 80 
3% and 5000 V. The relationship between droplet size and voltage at the different span 80 concentrations 
as shown in Fig. 6. 
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Fig. 3. The generation of emulsion and fiber by electrospraying microfluidic chip. The DI water is used as the dispersed phase, the 
emulsion size was decreased by increasing the voltage form 0 V to 5000 V and span 80 concentration from 0% to 7%. 
Fig. 4. The relationship between droplet size and voltage at the different span 80 concentration. The fiber is generated from 4000 V 
to 5000 V. 
Fig. 5. The generation of emulsion and fiber by electrospraying microfluidic chip. Following the voltage and span 80 concentration
increased, the emulsion size decreased under the fixed flow rate. 
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Fig. 6. The relationship between PLGA droplet size and voltage at the different span 80 concentration. The generation of fiber is in 
the voltage of 5000 V and span 80 concentration of 3%. 
4. Conclusions 
We successfully have demonstrated the elecrospraying microfluidic chip produced the PLGA 
emulsions and fiber. The parallel electrode provided the stable electric field to appear the Taylor cone and 
it could produce the about 4 m PLGA emulsions with a narrow size distribution (<5%). When increasing 
the voltage and span 80 concentration, it could generate smaller droplet size and the fiber is appeared 
under the high voltage. Therefore, according to the practical application, we can control this system to 
generate emulsions or fiber. The approach in manipulation of PLGA will provide many potential usages 
for pharmaceutical applications. 
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